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5 Field of the Invention The invention relates to CVT pulleys, and nore
particularly to continuously .variable dianeter pulleys where the

ef fective dWamHIed# of the pulley is continuously and i nfRGHYSEY3Pé%2dj ust abl e
bet ween a maxi num and m ni mrum position. 10 Background of the Invention A
primary nmeans of connecting a power source, such as an engine, to a driven
load is with a gear type transm ssion. Such transm ssions generally
conprise a series of gears, each having a different gear ratio. For

exanple, transm ssions may have a single gear or may conprise severa
gears. Each gear is is selected by a user by first engaging a clutch. The
cFutch mechanism tenporarily di sengagegtiéhe gear train so a user can

select a gear. The clutch is then rel s are engaged and the
power is transmtted FQ&TMUQFJ?S@%NAR@ggEe&A&%lﬁ&&f L31'—"3;t"'hi S type of
systemis that only a certain set of gear ratios is 20 available to a

user. The ggear ratio range i s usugieldofih&€dRbstion ned based upon the
antici pated use of_ the equi IS not easily of inex ensi,ve{jéychanged

ment. 1t
by a user. Furt hé’f‘,e _'WYEE'E”\E%&“?FE@ %‘5(/8”'!95’561?'1‘% Lisi) arQﬁS’?r”é(_tt ABPUYAYEY wher e
efficiency ivarighsi diaprder Palisawheére ORkY effiedtivagldainitd oM the fpalidy near or
on the nost effjcien 8pe ngnﬁjgg%pt.-The ot her 8%ar§ usuaJI%b[esult in
Cel atively i fertmialalEng ey sHibiEblesienien 8 maxmom #ad gRIEEm RPS 98 case
the avail abl e range of gear ratios, the continuously variable transm ssion
addresses_the need for nore gears, The,c nthnuo sly wvariable transm ssion,
or CVT, g@nerally conprises a §¥¥&¥PHE%P£@§Jé€w§@%ted to a power source
and a driven pul | Ayprineiy ewand of comndetingl a govdraoultee sedheaean eayisd, B0z as a
belt or chaig.conﬁec S tQﬁ ¥ulle£&’agd transwitshthﬁ Fomen fron1thﬁ driver
to the drivEAVERriRAG G M i, 9587 OPE UEPSTAISYORn wHYLHAPHE'SHENS SP0NE™ n the
pulley is rebmpriesl at serigs dfhgeaed, feachi havingl ardiffezent gear Thtio. s [Fee @xaiplehe
driven pu]le¥ nq¥.be VE)O¥(36846 FCT/USOO/30672.
ransmissions may have a single gear or may comprise severai gears. Each gear
. 15 is selected by a user by first engaging a cluich. The clutch mechanism
temporarily disengages the gear train so a user can select a gear. The clutch is
then released, the gears are engaged and the power is transmitted to the driven
load. : _ :
_ A limitation of this type of system is that only a certain set of gear ratios is
20 available to a user. The gear ratio range is usually predetermined based upon
the anticipated use of the equipment. It is not easily or inexpensively changed by
a user. Further, most engines have a particular operating range where efficiency
is maximized. Generally, only a single gear will fall near or on the most efficient
operating point. The other gears usually result in relatively inefficient operation of
25 the engine. _ _
In order fo increase the available range of gear ratios, the continuously
variable transmission addresses the need for more gears. The continuously
variable transmission, or CVT, generally comprises a driver puliey connected to a
power source and a driven pulley connected - to a load. A fiexible element such
30 as a belt or chain connects the pulleys and transmits the power from the driver to
the driven. The position of the surface on which the belt runs in the pulley is
referred to as the effective diameter, ¢. The speed of the driven pulley may be



changed by varying the effective dianeter of the driver pulley and the
driven pulley. Changing the effective dianmeter of the pulleys wll result
in a corresponding change in the speed of the driven: pul.ley. This is based
upon a |woensesdeel ati onshi p between the pulleys and t hECTASWEIGEE t he
effective dianeters of 5 each. It is the ratio of the effective dianeters
of each pulley that determ nes the power transm ssion characteristics of
the CVT. Therefore, a key elenent of the CVT is the variable pulley
mechani sm. Various forms of"continuously variable pulleys are known in t he
art. Fig. 2 represents a prior art flat belt CVT pulley, U S. patent
4,024,772 tohamnmbyuaryueg the efiettivavdiameter of fegridriveromdiey tandpthe ceen t hr ough
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at which the belt runs on to chang%nf ? radkus of eration
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the trangm gi-98s 6'tr'%n§rhﬂ potter #/Hidtks @'thro Vz?h’%' dundtser dfaxially spadededsiong tensile
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transver se ocks 17 connected

along its beragpsrtﬂvmgedmd!azsrqmﬁﬁﬁeplth%fat%ﬁ?ﬁ Zt:é?"b}gsv&ﬁw W act the
i nner Surfasls&sofxotaaﬁdﬁmameavéeq tbisgh Rehahiurnef adslly dfhcetitsetd of he bl ocks
to the v-belt body. Another, form of gont nU£usI3/ c{]abl e Qﬁ"%é‘é%s
di scl osed |PPR93@FV|dﬁ‘E"§ﬂ@ radial grooNey 1o (Fig-ahd eR"%f l"bﬁi“t@” es havi ng
an outer ci é&ﬂﬁfoﬁrﬁﬁéreaihedéﬁecﬁve HHTha6e of alie divercpblley isatdisslthan dbe ward. A .
cone which is m)v abl e aX{h éJ"§ | oper at es with bevel ed ends of the

g e pulgy
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Fig. 3 depicts a prior art CVT with comcal driver sheave 13 and driven
sheave 15 connected by v-belt 14. The sheave sections are connected to a co-
axial shaft. At least one of the sheave sections moves axially on the shaft.
Movement of the shéave section causes the effective diameter of the pulley to

20 chanée. which causes the radius at which the belt runs on the pulley to change.
The radius of operation for the driver pulley and the driven pulley establishes the
gear ratio of the transmission.

In Fig. 4, prior art v-belt 14 has a load bearing tensile member 16. The v-
belt 14 has a series of transverse blocks 17 connected along its body. Blocks 17

25 have inclined surfaces 19 which contact the inner surfaces of the sheave
sections. Retaining rods 18 attach the blocks to the v-belt body.

Another form of continuously variable pulley is disclosed in U.S. patent
5,492,506 to Lorance. A plurality of vanes héving an outer circumferential drive
surface are moveable radially outward. A cone which is moveable axially

30 cooperates with beveled ends of the vanes. Axial movement of the cone presses



WO 01/ 36846 PCT/ US00/ 30672 agai nst the bevel ed ends which forces the vanes
outward. The drive surface conprises parallel teeth which cooperate with a
t oot hed belt. The di sadvantages of the prior art designs include reduced
ability towopH$sit high torque resulting in |ow | oad cEFACSPYR%%el ativel y
conplicated sheave s design or belt design; excess heat being generated in
the belt during operation caused by friction between the belt sides and the
sheaves; high cost because of parts and assenbly tinme of the pulleys;
excessi ve noi se caused by large pitch and correspondi ng | ow nunber of belt

bl ocks; high belt wear giving |ow durabilit for both dl%si ns. Fi g 3 has
a |inited oveagainst the beyeladeends whish Terees d"-‘%é‘f""%@"tﬁﬁa%r PR SWEES gns

géneral |y hav@nibrised Sftalid) Rtivich @BopBiat vithta foolifed béftat i s needed is a CVT
pul l ey that uses a readily avail abl e belt coné}éﬁggﬁfg}'o t i.s needed is

_ n., W :
a CVT pul | ey havi hbe rdispivantages chdhe g &1 des) eﬁdUSF%cﬂPé"W d&ul ting
in |ow heat gRpSMAtHigNtord(kaksiing RAaeW doddScababivf relatdie¥omplidatddéeaased | oad
carrying capacity. at 1s needed is a . CV Rul %Leqy, tna% éS enerates | ess
noi se. \What idesigaeudegitidesign: exeess heptbeing gRNFratRICIB NS Pelt dulipg PR@tioR ceded
is a CVT pul |@ysed by riclsh béidetn te balfididied andiBedsp@alss; Aigh\CosPbbtfige Wt h  an
i ncreased overall ratio. Wiat | nee‘ﬁed Is a CVT g.ul I ex ghh reduced
requi r enent s PGP %ﬂt%ﬁﬁ?’ap'ystﬂ‘%ﬁém? Pulleys; EXgESTH MO £LAUSSS RELATES AtEN o cvT

pul gexé Wi t h ahaGeaeshonding!low Pumdet 6f IsditBlbiksy high Gelt aviaf givingeiewaiuraiity What i s
needed 1S a

frictional c%%ﬂgggl"l;’ ytfégw ;{)Eﬁ%%ﬁ%ﬁg\gﬂﬂ f@ﬁﬁﬁs{“gggﬁﬁgﬁg §'.ea5§8?r{mr y of
t he | nvenioi orartidegighs igeReriiihblsavect lafje ttdmemissimenass andesizd.on is to provide an
o oves VT2 el S ngleh 1o S00F Bl HOEGhEY Sl e B 2
invention is chAfigurationd aVieatGd/fiegddd ieya OWViputiey having educed tanthctipresstos € on
e el bl oo Rl o B BBl Rl v bR R o
carryi ng cappaildywith increased load carrying capacity. What is needed is a CVT pulley that
' 15 generates less noise. What is needed is a CVT pulley with reduced size. What is
needed is a CVT pulley with reduced cost. What is needed is a CVT pulley with
an increased overall ratio. What is needed is a CVT pulley with reduced
requirements for material strength in the design. What is needed is a CVT pulley
with reduced axial force to simplify the control mechanism. What is needed is a
20 CVT bulley with increased life by reduction of wear of frictional components. The
present invention meets these needs.

Summary of the Invention
The primary aspect of the present invention is to provide an improved CVT

25  pulley. .
Ancther aspect of the invention is to provide a CVT pulley that uses a
multi-ribbed v-belt.
Another aspect of the present invention is to provide a CVT pulley having
reduced contact pressure on the belt blocks resuiting in low heat generation.
30 Another aspect of the present invention is to provide a CVT puliey having

increased load carrying capacity.



3 WD 01/ 36846 PCT/ US00/ 30672 Anot her aspect of the present invention is to
provide a CVT pulley having |ess noise. Another aspect of the present
invention is to provide a CVT pulley having reduced size. Another aspect
of the pr@@%ﬂ@“*gventlon is to provide a CVT pul |l ey haPChFs%®ced cost .
Anot her aspect of the present invention is to provide a CVT pulley having
an increased overall ratio. Another aspect of the present invention is to
provide a CVT pulley having io0 reduced requirenents for material strength
in the design. Another aspect of the present invention is to provide a CVT"~

pul | ey havi ng red ed axial .force sioplify CVI c nmechani sm
Anot her aspect afr'?ee Jmhe %ﬁt@f't?!ﬁ"‘% 'F(SXBF‘MH%% i{tfcﬂvt'%a?w%s/ havi ng
i ncreased Ilefsendnye.reductlon of wear of frictional conponents. is A further -
aspect of the invepti riabl e . contact. betwee bel t nd bel t

bl ocks or el erre%"gﬂ‘eﬁg?ﬂeﬁif’y PRISSN Mvegtion g ?Btc'é'f# %Q@'ﬁ t’?ﬁé PRI bel t
engages t heredaeded dideocks. The cost of the transm ssion is significantly
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fol | ow ng descri | awi ngs. The
nvent i on conpr PoeeRadtect Bk Beht e R uRERBLB0E wfinf bMharie

pul | ey conyan iseeased dveediratime axi al |y noveabl e sheave sect ion which is
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of radi al groovg's1 V\,E %égtrg}ggl gﬁ%ﬁp‘gk ron?{:qh?rﬁbﬁ |gn?a-§%£I TG al
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span between ! ngnsigepectsithe SsentgdhtBR  hBRBOS! A BLAAIEENIS that

slidingly engage a pal oves S are arrange
ci r cunf er eneduget \axiabioree tasirplinaCVE seatvad mechanism.

Another aspect of the present invention is to provide a CVT pulley having
increased life by reduction of wear of frictional components.

15 A further aspect of the invention is variable contact between the beit and
belt blocks or elements. Contact areas will be different each time the belt
engages the belt blocks. _

The cost of the transmission is -significantly lower (for example, 119 belt .
blocks of 4 mm width in the present invention, vs. 148 elements of 5 mm width for

20 the Ktxmm device).

- Other aspects of the invention will be pointed out or made apparent by the
following description of the invention and the accompanying drawings.

The invention comprises a continuously variable transmission pulley. The

pulley comprises at least one axially moveable sheave section which is coaxial

25 with a second sheave section. .Each sheave section has a series of radial
grooves which are axially and radially aligned. The radial grooves are arranged
in pairs between each sheave section. The belt blocks span between the sheave
sections, each having opposing. arcuate ends that slidingly engage a pair of
grooves. The belt blocks are arranged circumferentially about an axial sheave

30 centerline. Each belt block also has a surface for receiving a multi-ribbed v-belt.
At least one elastic member encircles the belt blocks so as to control their relative
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30 centerline. Each belt block also has a surface for receiving a
multi-ribbed v-belt. At |east one elastic menber encircles the belt blocks -
so as to control their . .relative 4 WO 01/36846 PGTII US00130672 positions,
keepi ng t hewpomesewnt act with the sheave grooves as the pRCF@POVEEtes. As
t he novabl e sheave is noved axially, each belt block noves radially within
Its respective grooves so as to increase or decrease the effective

di ameter of the pulley. 5 Brief Description of the Drawings Fig. 1
depicts a side perspective view of the invention. Fig. 2 represents a prior
art flat belt CVI, U S patent 4,024,772 to Kunm Fig. 3 depicts a prior
art CVT with pgesitans, lsmlrtgaﬂhegwezﬁvétaﬁtamé[h@ecﬁhpa\ﬁ]g@%%és the pulley, rldliRect ed

by V-belt 14. fs &mo%ﬂ@@h@év% it mooéa)aﬁamﬁetaewse;abusc»bﬁioweswadhhmywnama:stenSI le
menber inst al bl ocks along its bod Fig. is a front el evation

detail view ofesae@iéfletgfﬁp‘(ﬁ?ksoaﬂ%lt‘h'“ﬁﬁﬁaﬁ?&ﬁ d@prqaﬁe tbwffegﬂvesqﬁ%a#ér skt ons.

is Fig. 6 is gyrhan view of a belt block. Fig. 7 depicts the relationship
between two of the belt blocks as it occurs in the sheave sections. Fig. 8
i's a top pérspective view of a belt block. Fig. 9 depicts the relative

novenent ‘M and M of a sheave gyaebb&iptior8f the Drawidgss a side el evation view
of sheave section. Fig. 11 is a srde elevatron view of sheave section. Fig.
12 is a pl an FigeldepiclEa side perspective viewgfthejinveationoyl | ey 42. Fig. 13

depicts a sidpjg et?é/p%éééh'&é{f;ﬁw&fﬂﬂbéwbw G%?ﬁt&n@d(ﬂu'?ﬁﬂo Kiingn, 14 is a
schematic view of a%rau I ¢ _system whi ch be used %o operate 25 to

change t he t rBigs3deRiFts prigr ag C ‘fj'th ﬂ“;‘)"elr§°%.’°%'rs(9§§"%é%?1‘ ddyenshe@ve,# o4 he
driver puljeyceHdebivyanbaitdd.ey with the hydraulic system

Fig. 4 depicts in cross-section a v-belt 14 having a tensile member installed in
blocks along its body.
Fig. 5 is a front elevation detail view of a belt block and a portion of the pulley
- sheave sections.
15 Fig. 6 is a plan view of a beit block. _
Fig. 7 depicts the relationship between two of the belt biocks as it occurs in the
sheave sections.
Fig. B is a top perspective view of a belt block.
Fig. 9 depicts the relative movement M and M’ of a sheave section.
20" Fig. 10 is a side elevation view of sheave section.
Fig. 11 is a side elevation view of sheave section.
Fig. 12 is a plan view of driver pulley 41 and driven pulley 42.
Fig. 13 depicts a side elevation view of a fully assembled pulley.
Fig. 14 is a schematic view of a hydraulic system which may be used to operate
25 to change the transmission ratio. .
Fig. 15 is a cross-sectional view of the driver pulley and driven pulley with the

hydraulic system.

Description of the Preferred Embodiment of the invention

-30 Fig. 1 depicts a side perspective view of the invention. The invention
comprises a driver 41 and driven pulley 42, each attached to an input shaft and
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Description of the Preferred Enbodi nent of the Invention 30 Fig. | depicts
a side perspective view of the invention. The invention conprises a driver
41 and driven pulley 42, each attached to an input shaft and 5 WO 01/ 36846
PCT/ USOO WOR6846 it put shaft respectively, with a bel t PSFUSPUEEd bet ween
each pulley. The belt is trained on belt blocks that are in turn engaged
with radial grooves in each pulley sheave section. Axial novenent of each
pul | ey sheave section causes the belt blocks to nove in a radial

direction, thereby changing the effective dianmeter of $ each pulley. In
particular, the invention CONpLiSes il ver pulley 41 connected to driven
pul | ey 42. Eg{af‘tsﬂ? r@aﬁz&mﬂysﬁ%%mgeq géﬁ‘ﬂ"ﬁ@%ﬁhﬁ%‘reaﬁﬁlm‘@y- 41 Beltise driven
pul ley 42 gaited barelbldos tht aflinituin efyabéd with eadihl@rodvVes if\shéd piRyement  of
t he sheave sections,. 31, 32!, and %g 34 anﬁ thsg] lo resulting radial
movenent of SEFRAYEFECHOT,| GYplmaverrentjof epeh pylleyshpats serliPn GavgeS,the Peltn ot
shown) to chiatigeta imevelr & cadislediticior tthérebf chARingotie! ettechaNdimettifeved by
known means, f.or iexarrpl e as described in Kumm U. S. patent no. 4,024,772,

i ncor por at eBPBPYEY-er ence, see Fig.'s 14 and 15. Belt bl ocks 38 nove-in the
radi al grooves I8 badicalar, dherinventidnheoniprisesrdiier Yulléyh41 sheivcedstiocdrivens. | s

Bel t bl ocks % ti-rjbbed belt prpfile to C dat e mul ti -

ri bbed bel tP‘ﬁé?’g.%ser?‘ @J%flf"ﬂ{s(f@&eé?m ‘é‘g;ﬂ? gt Sulley 4335 i e pdte

precedi ng s4Zandtherdbydo tHe duspud shaftyisee Eigevst i on detail view of a belt block
and a portion of Y, cti . o Be I LS I di ngly
engaged bet ween Aé(ﬁ)agirp%‘{%m%’g osfﬁlgg\a/s\él%geegﬁegtﬁogﬁ?, Ea%% %ﬁfgéhégvgngzﬁﬁi ons 31,
32, descné bereaulting) cddial exbvemgint obthiecheltcliocka 03 8a thet it AlockBddrt drivieo pkilléd64 f ur t her

bel T bi ook '35 PR olilehGE e BRGGE cishidierBact punéi ion b alfiBRecly , = ©
Mul ti -ri bbethowel means, dorgexporple he dﬁatrihedrihbhmnpﬂcﬁ-ina@ntmﬂlm.ﬁ'ﬂ. bel t
Fubber - chIS PeisdbytaRfense, cedig Wi SAIHS coR (AMCIRRTIL, Wil 1o 2
nitril ebut spenes 31 according to the movement of the sheave sections.
15 Belt blocks 38 have a multi-ribbed belt profile to accommodate a multi-
ribbed belt. _ _ _
Fig.s 2, 3 and 4 depict the prior art as noted in the preceding section.
Fig. 5 is a front elevation detail view of a belt block and a portion of the
pulley sheave sections. Belt block 26 is slidingly engaged between coaxial
20 sheavé sections 31 and 32. Sheave sections 31, 32 describe an included angle 8
beftween 20° and 70°. Belt block 26 further comprises opposing inclined ends or
surfaces 27, 28. Surfaces 27, 28 of belt block 26 slidingly engage sheave
grooves 29, 30, respectively. Multi-ribbed belt 20 engages the multi-ribbed profile
section of belt block 26.
25 Multi-ribbed belt 20 may comprise an adhesive rubber (natural rubber,
chloroprene rubber, styrennatadiene rubber, isoprene rubber, nitrilebutadiene
rubber or a blend thereof, for example) in which are included tensile members 21
and below which is a compression layer. Tensile members 21 may comprise
polyester cord, glass cord, aromatic polyamide cord etc., for example. The
30 compression layer may comprise natural rubber, chloroprene rubber,

styrennatadiene rubber, isoprene rubber, nitrilebutadiene rubber or a blend
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rubber or a blend thereof, for exanple) in which are included tensile
menbers 21 and bel ow which is a conpression |ayer. Tensile nenbers 21 may
conprise polyester- cord, glass cord, aromati c polyam de cord etc., for
exanpl e. Thwodfzesanpr essi on | ayer may conpri se natural r ugRAS0084Y20r opr ene
rubber, styrennatadi ene rubber, isoprene rubber, nitrilebutadiene rubber
or a blend 6 WO 01/ 36846 PCTIUSCE¥30672 thereof. The multi-ribbed profile
cooperates with the nmulti-ribbed profile surface of belt block 26. All

belt block elenents 26 are retained within the circunference of each

sheave section and within each sheave groove 29, 30 and in proper

rel ati onship thered. élaehnoltimbbecbproéleamdp@rasww@h 2e mudi-riblied profie tsudaceof
efastic bands 2. b3ci the driver pulley and elastic bands 35, 36 for the
driven pulley s E hoT d el ements 26 in continuous contact with sheaves
31, 32 and 33, 34 Alubehjlogkslemeants 26 arewethingd withire thet giecupii¢renge of eaglt

turning. E asthlaidadfor’dhd ditniftddct?Sneald GiBtLe 20 S .nw@spe%rref%or%@fi’t i ons.

known el astoneric materials that are resi t t'o operating i o con

i ncl udi ng heatomwzerrby,elmq bands 24, 2%e Tmesfmnqtlen@éelgsﬁcrbameﬁﬂ 2%for theer cone
the centrifug S [ heaves
31, 32. E ast?%vébghg%sam elgg‘ébﬁhggg %ﬁ;ﬁ@é‘oa@% el 10 Y a%ﬁ'%ﬂebzgf t 20
in the gaps bitceatinuquseoptashwith shemyes 3de32-pad 33,734 @urinnopeTatios asenrlicass

engagement NOjyfgn g?é‘ﬁﬁlﬂ y¥ nbPRIfARg. Ei%stn@%amﬂ b is QH@@SbQétca’rpc H‘s each

belt 15 bl ock 26 rotati on of The el astic bansaso
reduce "cor di itgber ‘Wﬂt@f knowns elgstomeyig U@t%@’ﬁjéhqtnﬁfac@é'siwtttﬁeORﬂﬁtiﬂgas it

trains aCﬁ@SSc&%ﬁfbngeﬁﬁcludmgo%atdﬁﬁd HrofREhAL | hE habs %Qgerfcédéﬁfﬁ&eﬁthﬁ life
of the belt. Milti-ribbe has flat portions 2 where the

“multi-ribbed P¥e5EIMe th%é‘@ﬂ"&fﬂaﬁm@s 19 tbeffr lagks: 26 ané.'ﬁe‘de’Wt f"(ﬁf@“zﬁ thes are
supported by {HavePBEer 3B UEfRGE bardt 24, 3518nfh8 s34 Slsg%ﬂﬁﬁo@ﬂ'lul@%be-ar&lt

locations of flat portions 22, 23 are determ ned e condition that the
cord secti ons2®in i Iges LEWaR)cthe Flempatshes. tseﬁoFﬁeﬁ ¥ yando 12.n bbis crguges,

subst anti al p@dgtageﬁxehhﬁo.é@@du@acb@&ﬁu&aaffqn@ Ul ABSEddssiedo WidvVadchadiite  for
| oad carryin oses IS a an view of a belt block, Each
belt bl ociks eﬂgjﬁ%g ggrupgigotgtlon of the pulley ﬁ)'he elastic bands also reduce “cording”,
which are small radius bends induced in the belt as it trains across each belt
block during operation. Cording reduces the life of the belt.
Mutti-ribbed belt 20 has flat portions 22, 23 where the multi-ribbed profile
section 21 is not present. Flat portions 22, 23 are supported by the upper surface
20 of thé elastic bands 24, 25. The locations of flat portions 22, 23 are determined
by the condition that the cord sections on the outer edges of the belt normally do
not carry a substantial part of the load and are therefore considered unavailable
for load carrying purposes.
Fig. 6 is a top pian view of a beit block. Each belt block element 26 has
25 opposing surfaces 27, 28. Each surface 27, 28 is slidingly engaged with sheave
grooves 29, 30 in moveable sheave section 31 and sheave section 32. Although
sheave sections 31, 32 are on the driver puiley, the description herein generally
applies to the driven pulley as well. In the preferred embodiment, surfaces 27, 28
are convex arcuate surfaces. In an alternate embodiment the pulley will operate
30 as well with each of the surfaces 27, 28 comprising a concave surface or groove,
with a cooperating convex surface or protrusion present on the face of each
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25 opposing surfaces 27, 28. Each surface 27, 28 is slidingly engaged with
sheave grooves 29, 30 in noveabl e sheave section 31 and sheave section 32.
Al t hough sheave sections 31, 32 are on the driver puldey; the description
herein geMQUPF36 applies to the driven pulley as wel | . PAYIOM06Br of erred
enbodi nent, surfaces 27, 28 are convex arcuate surfaces. In an alternate
enbodi nent the pulley will operate 30 as well with each of the surfaces 27,
28 conprising a concave surface or groove, Wwth a cooperating convex
surface or protrusion present on the face of each 7 WD 01/ 36846

PCT/ US001306/2 sheave,.secti.on,31, 32 in e Qf _.grooves 29, 30. Surfaces
27, 28 may areRe ?ﬁ?@%’} Piegia ip plade; ‘?frﬁ-fg?veﬁr&' %@si%ﬁﬁ%ﬁes cZBIMAealsOcavi ty
whi ch coopedesaibevd tréctiineat qrpingsidre os vedtitinear aravity aviidie e¥speistes ivath aFi 9. 7 -
depicts the re{!ﬂiit}i Onria??iﬁp HEW\%}S’ two. of the belt blocks as it occurs s

bet ween t he “¥HEIRIR SWIRPE 2D 10e SRERVR SERYY- 1y ock 26 is angul arly spaced from
itrsTb adj ?centl nﬁ;?mﬁemctb%eﬁmlam?kmp betwen twag:lfdw_abéleldfeﬁseiéﬂt ra»ecléifrby thﬁ
nunber o t ocks on t ul Le t he.di.anmeter of t ul ley. The
t ot al nu?rbeB&&'Fe'PJé'ﬁ sr?arﬂ"Scsfggodﬁ‘ t#l% S%Qg?/@%e '508"%'3@# WECSEJE’"HéTDendi ng
upon the regdjacantpeigbbart bytaneangiees. The adngleta 3l dettrnAfed byrfHe mesber dpel t

beari ng cony ,arcuatﬁ

B e Bl G 2 dreler € ity IR Sirokar el o

conprises a
nul ti - ri bbeblotia! dn thersheswe majp dereveh @8 00d, depending\upsn tiy Ridelrémsnsforce 60 s
equal to th@ radius of the pulley where its effective dianeter, 4, is
mni mum th B USE" where the driver pulley is in the maxi mum under 15 drive
condi tiom and t iBeltdblocle26pabdmpyjsessai belt ibearirx icouvexo\aesuatl isugdacoBdi ti on.

belt bl ookel IR BRFRE° SRS, GEIARESonHIRT o rr st POBLMAh T nar i ca
surface of coopsratestwitr adonjegatd mdti-tbheidobeli surso@pdhe sadibe obthetconiéxch
bl ook 26« Aieyate 2ol 50, BCEERITE, 1lCHs 67 BRpORey MnER0 R areeni® 7o
f or m al | onddigrneter, @2isahininurs [ thati$ wibkret tbe davar pulley iz ingie mekimsindends?A of an
adj acent, bejd,e Rbofiton dhd'ths affFeH FHEY KA e HokmBm AR gt @ Bondliin® fhESUl ts 1N a
results in the combined adjacent convex arcuate surfaces 60 of all beit blocks 26
in the pulley forming a uniform and continuous cylindrical surface of constant
radius. This uniformly supports the belt which increases belt life and increases
power transmission capacity. _
20 Belt block 26 tapers from convex arcuate surface 60 to base 61. The
tapered form allows side 62 of a belt block to bear fully against side 62A of an
adjacent belt block in the maximum under-drive condition. This results in a
reinforced condition in the pulley and in the belt blocks, increasing its ability to
transmit torque. Side 62 and side 62A may comprise friction reducing materials
25  in order to enhance the engageldiéengage characteristics of the belt blocks when
changing from a maximum under-drive condition to an over-drive condition.
The distance R of the belt blocks 26 from the axis of rotation A, depends
. on the ratio of the transmission. Increasing the distance R increases the belt
speed for a given pulley shaft RPM. Decreasing distance R decreases the belt
30 speed for a given pulley shaft RPM. The distance R is %z the effective diameter.



reinforced condition in the pulley and in the belt blocks, increasing its
ability to transmt torque. Side 62 and side 62A may conprise friction
reducing materials 25 i'n order to enhance the engage/ di sengage

charact eri sjhefseafs t he belt bl ocks when changing from a worusows0672
under-drive condition to an over-drive condition. The distance R of the
belt blocks 26 fromthe axis of rotation A depends on the ratio of the
transm ssion. Increasing the distance R increases the belt speed for a
given pulley shaft RPM Decreasing di stance. R decreases the belt 30 speed
for a given pulley shaft RPM The distance Ris '/z the effective dianeter.

s WO 01/ 36846 TRE EfbENG Bahéter ¢ Banedsuand frvm tHe DWRIrasurfdge of theepsitbiBeks r om
t he outer surface of the belt blocks —across the center of rotation. Fig. 8

is a top perspeess e PNERObIOMEHIOBe| t bl ock. Belt bl ocks 26 each preferably

have a | ow coeffi o rﬁus%ftof) befsplStiveGisw bﬂﬂb&@bl@ﬂk tBat mﬂlédksr | bpedesdw f ace
5 for contacting b 20, and surface tactjng. sheave grooves

elt
29, 30. Belt BIERMRlYpgve alow sosficientalt "?S'P“tcﬁé'i'%é% mpliiohed sudicec

material havi i cohtBbiHgOBEHER®E Bhd islirfAeeesTs aeyoracfuﬂnamh@ sﬁ'éh’il'e dib&les @0, 30.
over-nmol ded with another low ¢ efflche_@t of frl&eron material, (simlar

base). The ovEe! Rlackedomaphe made oyhfpt fhegmo-setl g ’T‘%p'?ﬁicrff‘@feﬁé’d‘%’ﬂr@ck Wi th
an anti-frict iépiforcemehd nef:&’sa%ﬁtﬁ@hﬁth&idéﬂkmtmr er-hididedewignagotmbelow t he

conpri se. PP CHRSSTHERCHHT PRBIRLGITIES BaFDn L Ovsrale] BRRRHEN GO MEn: or nal
| ubri cant. | nahidtalic@mfovoed Bloblhw:tbbaehnwmn ice&ting, foeleRhrhple anmﬁuaumal s, the
CoaLl 19 Sy Y COTRIS Ele eI GSENRRRS bRy hOELRRle LB |
the face of tdnate‘aubl%ﬁ‘csatﬁgcsu)m complise @IP@Q\RES oPEgmltﬂemomldshwwutﬁomon-
Loty on SO RaRls AR hEfhel RaFAST R bh pb 4880 Ebatal oL
‘as the beI t rhémksmat%nhlewtmebéung 60tmay dorriptisé dvard ranadiees coktimg MtACt
et ween, the Uil 05ian? PrEE "Gy 19845 ool . PR EROE cBLERE e
rel ati ve nmoveappiied i tandadd ofdiie sheave sestionisionthe3grooves or guides without a non-
friction coating being applied to each belt block. In yet another alternate
embodiment, non-friction coating are applied to the sheave section as well as the
belt blocks. A low coefficient of friction in areas of contact between the belt block
26 an_d the grooves 29, 30 allows ease of movement of the belt blocks 26 as the
20 sheave sections move. _ |
Fig. 9 depicts the relative movement M and M’ of sheave section 31.
Sheave section 32 does not move axially with respect to sheave section 31,
although it may also move if required by the application. In the preferred
émbodiment, only one of the sheave sections is moveable. As sheave section 31
25 moves in direction M, the distance between sheave sections 31, 32 increases
and the belt blocks.26 move in direction D inward toward the pulley axis of
rotation, A. As sheave section 31 moves in the direction M’, the distance
between the sheave sections 31, 32 decreases and the belt blocks move in
direction D’ radially away from the axis of rotation. In this way the effeetive

30 diameter of the pulley is increased or decreased.



Sheave section 32 does not nove axially with respect to sheave section 31,
although it may al so nove if required by the application. In the preferred
enbodi ment, only one of the sheave sections is noveabl e, Ag B ve section
31 25 novB® GAsHE rection M the distance between sheavéCE ?‘1% 31, 32
I ncreases and the belt blocks. 26 nove in direction Dinward toward the
pulley axis of rotation, A As sheave. section 31 noves in the direction
M, the distance between the sheave sections 31, 32 decreases and the belt
bl ocks nove in direction D radially away fromthe axis of rotation. In

this way the effectiv ' t LS. UL
decreased. 9 V\D@%/cgggﬁ%%gé% P’%&ﬁ %8%[}?5&%%%&8?%8@%50%?823 E\A/g'gtn&i%e bel t
bl ock 26 anfiictisral)\bes a8 thrd0gh menianicahlepgdgement ohsirfacksi27 228 whichraoeigh

nmechani cal engage f c » ' | he
gr ooves 29,°9§%egm"|{'r'§h%g é°°§’§%f§§v§§“’ﬁé8r?ﬁ‘%F%aggng’g%@%@‘%'\éﬁ?ag%éeﬁ%t bl ocks
wi t h t he shihavielt didckongiti e sheae skdionsr igoreasesatsniterquedransouttegi ty of

t he belt bl | ; ' ' ity,
wear  and® ot FERGRHOURE BEFEUERS TrFisbEELY hE REiambAf bR dbRLpBaREE .
sheave sectwear 3@.stréngtbwébelt bockgidédes, 30 are shown arranged radially,
each separat ed TFEgi?%tiQS levB¥ior) Ui%mﬂd?-%hs?\?e secﬁ@f?BZ.Obrtt)MS,g(?]rcﬁhY&% begins a

predet erm ned di stance fromthe axis of rotation io of the pul ey, A R
i s det er m n3Ql ateysheavrcafranded gadinlly, ieagh sepaptagderem fhe orx hyeth@cangld er t he

(e mam U aide SRRLP b # BroiBEh okl Gt e b oTifigndy 017
vi ew of jghesntre peilely] ANR3E defsmminel byckiungithe nustbenof it tjoakd nerded ooves 30.
e Shecc BEun aRPRBHT e PE PRl lef i BeSURY B SRl S,
sane radi usnRxiriirh badgrhdrivepassestribed idfigsT.abl e to vary the gear or drive
(g, e e oS O 08 op G e B R RgB Bl 1
rel ati onshighowbeiliyped ib lposies B $Hastic hmida?il enpagesbeddh belbdblaskw?fi ch have .
: ﬁegf : Cg{l) e\rMa;{g'iE"%ga Vﬁ\{gﬂgnggreﬁgé St AEIUESR 4dM8bn.t BErimbpdi¥tiol bhcH 68PbIBeK N bal ance
26 operates at the same radius R:  Although radius R is adjustable to vary the
gear or drive ratio, the relative positions of the belt blocks describe a circle with a
center on the axis of rotation. This is a resuit of the mechanical relationship
between the sheave sections and the belt blocks which have identical width, W.
20 This assures that the pulley will remain in balance in all operating modes.
Fig. 12 is a plan view of driver pulley 41 and driven pulley 42. Belt block
26 is shown at a radius R. Radiué R is a function of the position of sheave
section 31 with respect to sheave sectior_i 32. Belt block 38 is shown at radius R’
which is a function of the position of sheave section 34 with respect to sheave
25  section 33. Multi-ribbed belt 20 runs between each pulley assembly 41, 42.
Fig. 13 depicts a side elevation view of a fully assembled driver pulley.
Elastic member 24 retains belt blocks 26 at an operating radius R. This particular
figure depicts a maximum over-drive condition 37.
‘Fig. 14 is a schematic view of a hydraulic syétem which may be used fo
30 change the pulley gear ratio. Various types of mechanisms may be used to
change the gear ratio. A hydraulic system 100 is shown for the present invention.
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Fig. 12 is a plan view of driver pulley 41 and driven pulley 42. Belt bl ock
26 is shown at a radius R Radius Ris a function of the position of sheave
section 31 with respectt to sheave section 32. Belt block 38 is shown at
radius R WRiOLPFB#s a function of the position of sheave RIYIWHTU with
respect to sheave 25 section 33. Miulti-ribbed belt 20 runs between each
pul l ey assenbly 41, 42. Fig. 13 depicts a side elevation view of a fully
assenbl ed driver pulley. -Elastic nenber 24 retains belt blocks 26 at an
operating radius R This particular figure depicts a nmaxi numover-drive

condition 37._Fig. 14.i schematj ¢ view of a hydraulic system which may
be used to  3EN PSR eies @ EEGVBEEP. 3 BUMB B1va /PRI A2, 30 dRehini s
nﬁy be used leeﬁh'ﬁhggﬁuﬁf{%%ﬂ'gl \rawgéin toghb%mmkséa%g)aﬁtpmm i&@.ﬁ)aime;aho?/mdfor
t he present invention. . } .The system-incl udes
L ebervor r oBATR0 FOHhe TosRInHl Ropiet BP B8@E v Favies gad Tesd. Slai ng

}‘ rog} t hef Contléﬁﬂ fiohd eginder p@%si be, gallid méeiasveSE%singJtatog&lcwiFdéra gs. | Sﬂﬁips(?j
eading fromthe reservoir to.inlet po 0 e val ve casing, an

| nes 80, 50 Inds 5 Bt FmePraetaorBoss. o 1o e BSe Ry 0 ad PrGabe ¢ he
cylinders 86.caS:]ﬂgpeETiVéwSp&ﬂ,97%id’i<i‘seﬁl§ilebbl@ffbef§hgt%mm¥n ﬁ@'{]ﬁe&t Akt 896vti)th0 t he
reservoir 80. The yaly casing.receives .,a, sSpo i.ch is noveable to
sel ectively c%grc%ei‘ﬁﬁ%rt ot@ﬁe\ﬂ%r’g%r(mgsép, ?i@" {18 Pt PR XNAUNIR ™ por t s.
91, I92 gnd tfﬂuidtdnlaler bmsamre@dpph liedtop@mylﬁlnderuﬂtdvimnd@se hieesiston e?e‘ramptgi eﬁ to
a cylinder port w cgaus e piston thereip to . npve e shaft, and sheave
section engadgav%(srsé\?ﬁt%%t%\ﬁéyg seion fingape ﬁgé%t%v\gaé&}]eoﬂt_ enFhSNE sane
ti me the of hesectign.i ideahe mane timkel thb eotbernodioderdport tWill de cankeeatedtwipoah t 0
vent the other [ . This a ; S t_.and Vv | e ,sheave section
Vo ove. avay PTESALEN: el Brdibd"Subbs,n TPac RIF [ RN fo Fi5RESe

ef fective di aietes sedtion e nuavel awaycfiemdhs otter sheavehssolion.s ést nated eanies t owar d

or away from her ' IS 0SSq ' ] driver
pul l ey 41 anc}ﬁg(rgffé\zéeﬂggglﬂnﬂeg?/ﬂfiae éﬂé{eb{ %hﬁgg%yasrtgégﬁ%é\gé;gcg}r% %8; It-9|t“£$%ns 98
‘are connect ecdriagvaylfrafmtthe plhenhi ch are in turn connected to sheave sections

oo PRn S ¢ 30 F SIS B R, f e AL OB Sreh A
42 with the hydraulic system 100. Pistons 98 are connected to shafts 71 which
are in turn connected to sheave sections 31, 34. Shafts 71, 72, comprising
coaxial axes, are engaged in a manner known in the art that allows them to move
axially with respect to each other, for example, with a spline connection such that

20 a maie spline connection in shaft 71 engages a female spline connection in shaft
72. The location of the male spline and female spline connection may be
reversed between the shafts with the same result. Other known forms of
engaging coaxial rotating shafts while allowing axial movement of respective
pulley sheaves may be used with like resuits.

.25 Shafts 72 do not move axially and hold sheaves 32, 33 in a fixed axial
position with respect to sheaves 31, 34 as they rotate. As the pistons 98 are
moved by the hydraulic pressure, each shaft 71 and respective sheave section
31, 34 moves, thereby changing the effective diameter of the puiley. While all
sheave sections rotate during operation, sheave sections 32, 33 are axially fixed

30  so they do not axially move with sheave sections 31, 34.
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axially with respect to each other, for exanple, with a spline connection
such that 20 a nmal e spline connection in shaft 71 engages a female spline
connection in shaft 72. The location of the nale splirne and femal e spline
connecti owonpésde reversed between the shafts with t hePGTAIRGIBERUIt. O her
known forns of engaging coaxial rotating shafts while all ow ng axi al
novenment of respective pulley sheaves nay be used with like results. 25
Shafts 72 do not nove axially and hold sheaves 32, 33 in a fixed axial
position with respect to sheaves 31, 34 as they rotate. As the pistons 98
are noved bg t he hydraulic pressure, each shaft 71 and respective sheave
section 31, %H@es, t hereby changing the effective dianeter of the

pul ley. Wile alih ordbefyBette?Glistite thatidtdhtion anBUtsOBRratdnOhe &J16@InG Sections
32, 33 are axj al I{rfflxed 30 so they do not axially nove with sheave

) do ng¢
secti ons 31Ccalgulatians g basedcom aneof thesEpplingtions andiampoffersd by way Afo bett er

i1l ustrate teRémplB\eRBnbOst lipiMdtiér.S operation, the follow ng calculations are
based on one of the applications and are offered by way of exanple and not

of linmitdtion. 5 For an under-drive condition : driver 4) = 65.0 nm
driven 4 _ .162. OFgranfuptesdrive\edhditibh ve condition: 10 driver 4) = 156.0 mm
driven 4) = 86.6 mm vyhere_4% refers to effective dianeter. Assumng a
total of 51 belt bl o8& ®593B8river pulley, with each belt block being
4.0 mm thick as neasgiprs §& 1690 mmcuat e surface 60, and with the driver

pul ley at mninmumeffective dianmeter where 4 = 65.0 nm (under-drive),
there will be ndoraso¥pdvesenpdieni adj acent belt bl ocks. For naximum
effectivg diameter (@NRirp@&1860mfd = 156.0 -m the space between each belt

bl ock will be: _ _
driven ¢ = 86.6 mm; where ¢ refers to effective diameter.

Assuming a total of 51 belt blocks for the driver pulley, with each belt block being
4.0 mm thick as measured at the arcuate surface 60, and with the driver pulley at
minimum effective diameter where ¢ = 65.0 mm (under-drive), there will be no
15 space between adjacent belt blocks. | '
' For maximum effective diémeter (over-drive) ¢ = 156.0 mm, the space
between each belt block will be: ' '
Hy=nx (156.0 ~65.0)/ 51.0=5.6 mm (1
This space & is measured from a side of a belt block to the side of an adjacent
20 belt block. Therefore, 51 elements will occupy a 65.0 mm diameter with no
| spacing between them at the under-drive condition. There will be a gap of 5.6
mm at the over-drive condition.
For a driven pulley having 68 belt blocks, at the maximum under-drive
condition each belt block will have gap to the next of: |
25 0= 1 x (162.0 - 86.6)/ 68.0 = 3.5 mm @)
There will be no gap on the driven pulley in the maximum over-drive condition.
When a gap is present on the driver pulley there is no gap on the driven pulley at
extreme ratio.
In the case of a 1:1 (one-to-one) ratio, where the diameter of the driver
30 and driven pulley is ¢ = 146.0 mm, the diver pulley belt block gaps will be:

Qs =7 x (146.0 - 65.0)/ 51.0 = 5.0 mm 3)
12



ZS, =Trx (156.0-65.0)/51.05.6 mm (1) This space 6 is neasured froma side
of a belt block to the side of an adjacent = 20 belt block. Therefore, 51
el enents will occupy a'65.0 mmdianeter with no spaci ng between them at the
under - dr i veWOOHB46 on. There will be a gap of 5.6 nm at RFEYNVri ve
condition. For a driven pulley having 68 belt blocks, at the maxi num
under-drive condition each belt block wll have.gap to the next of: 25

Li z=nx(162. 0-86.6)/68.0=3.5mMm (2) There will be no gap on the driven

pull ey in the maxi num over-drive condition. Wen a gap is present on the
driver pulley there is no gap on.fhe driven pulley at extreme ratio. In
the case of aa‘l‘!'%e(qSWEUPBu%r%Ps?”ﬂh%, where the di aneter of the driver 30
and driven pulley is 4) a,%46x (1460 - 8618)/@8\er= PUhiney belt bl ock (gpps wil |

be: 63=nx (146.0-65.0)/51.0=5.0 mMm (3) 12 01/36846 PCI/ US 0672 and
the driven pufs@andepieagily detgamingd, ﬂﬂgi'{”"i]be( \I/’\gé’.eé b?° B.'%ff%ég’?'ﬁg’?.ﬁ‘f’ nmm ( 4)
As can be reagimhlfertelGirdd Biofle apPiRatioHaed theldebiptd thitkaedesoficaichbelt blocki t ed by
the nunber required by the a goicafm’on an tHe gesi red thi ﬁes& ofl each
belt bl ockS s Althﬁ‘Jﬁ’QHgléas?"Fﬁﬁ meiingAnvertion Hos Beer Jerbed MeE el Ml ped
Ber ei 3, it Wihbé ob¥RouSbtel metskinbhqﬁlemakamfafdt waridtions _a'htra]y tHaaa(tjnad@r In_ath'eops may
e made in the construction ang rel ation parts wit hout. departin rom
the spirit aneonSEypionsgn fq??émf'rﬂ?é’ﬁﬁ? it H'éts‘g‘?qaﬁtg@' é%rtﬁ? ﬁ?’”i@n@@cﬁ %6846
PCT/ USOQ' 306 7¢he iftention dedcribbdhéfeinl. A conti nuously variabl e pull ey
conprising: a pair of coaxial pulley sheaves nounted for rotary novenent on

coaxial 5 axes and noveable with respect to each other, and each having a
plurality of ' '
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grooves extending outwardly. from.a point a predeterm ned distance froma
~pulley axis, the grooves being oriented in cooperating pairs between each

pul l ey sheave; a plurality of belt blocks havi ng opposi ' I.ned
surfaces WO8YPA ng a 1o surface describing a multi- r%ﬁ@&?b‘%’%j}zi le

di sposed between the opposing inclined surfaces; each of the belt blocks
bei ng arranged between each pull ey sheave and said opposing inclined
surfaces and slidingly engaged with a respective pair of grooves, whereby
an effective dianmeter is adjusted by a novenent of at |east 15 one pulley

sheave and causing a correspondi ng ggxéﬁr@nt of the belt blocks. 2. The
continuously variable pulley as in 1 further conprising at |east one
endl ess el dAdim: menber cooperatively engagi ng the belt blocks, whereby a

posi tion Of"%ﬁ@éﬁﬁfeﬁggﬁ??ﬁﬁﬁiwfﬁ Fsubst antially circular form about a

pulley 20 axis. 3. _ ariable pulley as in claim2, wherein
sai d surface funtpairrof coaxdalrpuliey sheaves dueintedsfos petatyampyament oaroaxiabf

curvat ure | B8l teaBledfis ripect B Glchoindl ahlieaBH afihg £ ki BE,
continuously variable pulley as in claimsg, ereln sali | ocks
further capevesexientipgoutwardly fromcapeinhy pregietermined sistanveditost g pulleyi abl e
pul l ey as ij}:Cligd el ' o] Vo tHON o [ag K descri be
bn ar cuat e 25 ftg%reg.réﬁvf%%%?{ﬁﬁlg' BOSh il Bat Puwedll, P4 PEGY 07750006
PCT/ USOQ 3G¥®ave;6. The continuously variable pulley as in claim5, wherein:

each of said opagmraﬂy P Bl BREKS HEVIAG BBpSISE Nt SurBeds aNe navthg ace: and
each of said guides describes a convex surface. 5
10 surface describing a multi-ribbed profile disposed between the opposing inclined
surfaces;
each of the belt blocks being arranged between each pulley sheave and
said opposing inclined surfaces and slidingly engaged with a respective pair of
grooves, whereby an effective diameter is adjusted by a movement of at least

15 one pulley sheave and causing a corresponding movement of the belt blocks.

2. The continuously variable pulley as in claim 1 further comprising at least one
endless elastic member cooperatively engaging the belt blocks, whereby a
position of the belt blocks describes a substantially circular form about a pulley

20 axis.

3. The continuously variable pulley as in claim 2, wherein said surface further
describes an arcuate shape having a center of curvature located on an axis of
rotation of the pulley. '

25 :
4. The continuously variable pulley as in claim 3, wherein said belt blocks further

comprise a low-friction coating.

5. The continuously variable pulley as in claim 4, wherein said oppoesing inclined

30 surfaces describe an arcuate surface.

14 / -
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7. The continuously variable pulley as in claim5, wherein: each of said
opposi ng inclined surfaces describes a rectilinear protrusion; and each of
sai d gui des describes-a rectilinear cavity that cooperates with said io
rectili neawgussssasi on. 8. The continuously variabl e pul PEJYEYRMZc| ai m 5,
wherein said grooves further conprise a lowfriction surface. 15 9. A

vari abl e speed belt drive systemconprising: a first pulley conprising a
pair of coaxial pulley sheave sections nounted on coaxial axes and
noveabl e with respect to each other and having a plurality of grooves
extending outwardly froma point a predeterm ned distance froma pulley
axis, the grooves being arranged in cooperating pairs between each pulley

20 sheave seqd iTRBcoAtimtBAOPJamkatié BUlleyRINA cRIMS, whérgint of coaxial pulley
sheave sections nounted on coaxi al "axes and nopveable with r?%gect to each

other and havi ng 8acthPlifiaid orRpsing inpliped s4rfaces SREFIRGS S.AONEFYR SPTEFEA™ point a

predet erm ned di SEAAEE sald QUi dudkhises fdbrivex s€ad ooves being arranged in
pai rs between each pulley .25 sheave section; a first set of belt bl ocks

and a second set of belt blocks, each having inclined ends, and having a

surface descrg rhagomtintidLiély validbRepuliRy Ysiih erinl5Swis-em: between the inclined
ends; each of the first set of .belt blocks angqs:tclﬁe seco&ﬂ set of belt

bl ocks 30 ext endPRE} PetditapPesingingined syfases bes ByedHRERI PRSI ons and
each pair of gn&5 21"1 111~ """ 10 111 1 1l 1i~CMS W 01/ 36846

PCT/ US00/ 30672 secqn u] | ey sheave sections respectivel each of  said
inclined ends sli 8?%@?(]"?%' dpsglibes %f?fé@zf‘é&c?\’)gf ‘5?‘0‘%8\?8,Xfaéesrﬁﬁ'|‘ 39 bbed
bel t trai{ped redtlinedt préteusion; st pul | ey said second pulley an inner surface
of said belt engaging said belt blocks, whereby an effective

8. The continuously variable pulley as in claim 5, wherein said grooves further

comprise a low-friction surface.

15 9. A variable speed belt.drive system comprising:

a first pulley comprising a pair of coaxial pulley sheave sections mounted
on coaxial axes and moveable with respect to each other and having a plurality of
grooves extending outwardly from a point a predetermined distance from a pulley
axis, the grooves being arranged in cooperating pairs between each puliey

20 shea\}e section;

a second pulley comprising a pair of coaxial pulley sheave sections
mounted on coaxial axes and moveable with respect to each other and having a
plurality of grooves extending outwardly from a point a predetermined distance
from a pulley axis, the grooves being arranged in pairs between each pulley

.25 sheave section; .

a first set of belt blocks and a second set of belt blocks, each having
inclined ends, and having a surface describing a multi-ribbed profile- disposed
between the inclined ends;

each of the first set of belt blocks and the second set of belt blocks

30 extending between each pair of first pulley sheave sections and each pair of

| \\\lﬁ\;ﬁ\l\! I



5 dianeter is adjusted by relative novenent of at |east one pulley sheave
section and correspondi ng novenent of the belt blocks. 10. The vari abl e

speed belt drive systemas in claim9 further conpri sipg: t one
endl ess eWad8vis4snenber cooperatively engagi ng each fi rg‘?r@%otok%?fbel t bl ocks

I 0 and each second set of belt bl ocks, whereby a position of each set of
belt bl ocks describes a substantially circular formabout a first pulley
axis and a second pulley axis. 11. The variable speed belt drive system as
in claim210, wherein said surface 15 further describes an arcuate shape

having a center ,of curvature |loca ' f. t : pul | ey.
12. The varveaond pgls%yeﬁ]egg?tseat;o?@&é{p%gﬁ%#ﬁ%gclﬁ‘ﬁk%f@i%él@%?emgrs gé"r@’éai d belt
bl ocks f ur éfgaged ouithrai respextiveogrobve;ct i on coating. 20 13. The variabl e speed
belt drive systemas. L.n gl.aim 12 [ ' ' ' i surfaces
describe an ar c@af“gﬁ'érmbfécbe?" %qé%ﬁgﬁbgrtﬁeaﬁﬁg%gp%ggﬁge%% T oﬁﬁ\b%&g%t emas in
cl ai m 13, wngercisurface2bf saidhbelf engaging rezid ibell kncks, ddwereliyban effestiveave
surface; an each of. j ¢ Ldes gﬁﬁ? | EAGR The

vari abl 3 sp&@'a'e%él's[ aﬂﬁﬁgtjégggés‘%@% RS néﬂéltaglg%@ig%\\/{?heﬁeﬁr"g?r% eac%ejcg?n sai d

i nclined enawd cleesporitirg moverueritlof thedelt plogks.usi on; and 30 each of said

gui des describes a rectilinear cavity that cooperates with said

rectilinear protrusion. 16 111~~~I111~l~~1111~ 11gilllll M S WD 01/ 36846
PCTI USOQ/ 3060, The Mariabita epead betbirivesystet aseintclain & wriggiseasmnriaing; af leashi m 13,

wherein sai gh 0L QRN Seradiil/rhdlfiBeroBPEra VeI eheITY bach] BEt SeHich Be bioeid 7. The

vari abl e speed be I've syste S in cleal m I2, wherein said grooves
furt her 1congnd sachsecow $atiof belb hlosks: wheteby Bepositiop i epelusriaf el Bloacksl e pul | ey

conpri sing: describes a substantially circular form about a first pulley axis and a second

pulley axis.

11. The variable speed belt drive system as in claim 10, wherein said surface
1s further describes an arcuate shape having a center of curvature iocated on an

axis of rotation of a pulley.

12. The variable speed belt drive system as in claim 11, wherein said belt blocks
further comprise a low-friction coating.

20
13. The variable speed belt drive system as in claim 12, wherein said opposing

inclined surfaces describe an arcuate surface.

14. The variable speed belt drive system as in claim 13, wherein:
25 each of said inclined ends describes a concave surface; and

each of said guides describes a convex surface.

15. The variable speed belt drive system as in claim 13, wherein:
each of said inclined ends describes a rectilinear protrusion; and
30 each of said guides describes a rectilinear cavity that cooperates with said

rectilinear protrusion.
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a pair of coaxial pulley sheaves nounted on coaxial axes for rotary io
novenment and noveable with respect to each other; each pulley sheave having
a plurality of radial -gui des, the guides being arranged in _coo eratlng
pairs bet wewnouss4s pul | ey sheave; a plurality of belt bl FGTLSA

opposi ng ends and each arranged between each pulley sheave, said opposing
ends slidingly engaged with a is respective pair of radial guides; a belt
trai ned around the pulley and having an inner surface engaging said belt

bl ocks, whereby an effective dianeter is adjusted by a relative novenent of
the pull ey sheaves causing correspondi ng novenent of the belt blocks. 20
19. The continuously variable pulley as in claim 18, wherein the belt

bl ocks furt hgr TheNBFANE spesd! bE&lQiﬁv@@,yétéﬂl & TRUbikinn A8 DRRstepr $id lgfootes posed
between the opposing ends. 20. The continuously variable pulley as in

claim 19, whdvidher comarisa s foyefiction sufface. o5 conpri ses an arcuate shape having
a center of curvature |ocated on an axis of rotation of a pulley. 17

0 T I U U O T A U U I A O A [ OO By
s 17 The variable speed belt drive system as in claim 12, wherein said grooves

further comprise a low-friction surface.

* 18. A continuously variable pulley comprising:

a pair of coaxial pulley sheaves mounted on coaxial axes for rotary

10 movement and moveable with respect to each other;
each pulley sheave having a plurality of radial guides, the guides being

arranged in cooperating pairs between each pulley sheave;

-a plurality of belt blocks having opposing ends and each arranged
between each pulley sheave, said opposing ends slidingly engaged with a

15 respective pair of radial guides; |
a belt trained around the pulley and having an inner surface engaging said
belt blocks, whereby an effective diameter is adjusted by a relative movement of

the pulley sheaves causing corresponding movement of the belt blocks.

20 18. The continuously variable pulley as in claim 18, wherein the belt blocks
further comprise a surface having a multi-ribbed profile disposed between the

opposing ends.

20. The continuously variéble pulley as in claim 19, wherein the surface further
25 comprises an arcuate shape having a center of curvature located on an axis of

rotation of a pulley.
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